This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61B 17/64, 17/60 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 97/16128 

9 May 1997 (09 JOS S7) 



(21) International Application Number PCT/BG95/00010 

(22) International Filing Date: 27 October 1995 (27.10.95) 



(71X72) Applicant and Inventor NESTOR OV, Stanislav 
Geargiev [BG/BG]; 10 Slavyanska Street, 9300 Dobrich 
(BG). 

(74) Agent* SHENTOVA, Vioteta Varbanova; Gatev & Shentova 
Patent Bureau, 11 Damyan Gruev Street, 1606 Sofia (BG). 



(81) Designated States: AM. AT. AU. BB, BG. BR, BY. CA, CH, 
CN. CZ, DE, DK. EE, ES. R GB. GE. HU. IS, JP. KE. 
KG, KP, KR. KZ, LK, LR, LT. LU, LV, MD, MG. MN, 
MW, MX. NO, NZ. PL, PT. RO, RU. SD. SE. SG. St SK, 
17. TM, TT, UA, UG, US. UZ, VN, ARIPO patent (KE, 
LS. MW, SD, SZ, UG), European patent (AT, BE, CH. DE, 
DK. ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG. CI, CM, GA, GN. ML, MR, NE. 
SN. TO, TG> 



Published 

With international search report. 



(54) TItie: MODULAR EXTERNAL FIXATION SYSTEM 




(57) Abstract 

The modular external fixation system can be used in orthopedics and traumatology in the treatment of traumae and deformations of 
various pans of the locomotory system for the building of external fixation devices used in reposition, fixation and traction. The system 
consists of supporting elements - one piece and adjustable, with circular section and a riffled external surface, jet comprising modular 
coupling elements for coupling supporting elements or coupling a supporting element to implants, in addition to that comprising a flat 
coupling element with boles in which can be mounted modular coupling elements for building ties with flat reciprocally arrangement of 
the supporting elements. Each modular coupling element has a stepped body with boles and ring bodies with slits, both manufactured from 
materials with different rigidity. 
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WO 97/16128 PCT/BG95/00010 
MODULAR EXTERNAL FIXATION SYSTEM 

FIELD OF THE INVENTION 

The invention relates to human and veterinary medicine and can be used in 
orthopedics and traumatology in the treatment of traumae and deformations of 
various poris of the locomotor/ system for the building of external fixation devices 
used in reposition, fixation and traction. 

BACKGROUND OF THE INVENTION 

Since the end of the 1 9th century two major trends have been established in 
the development of external fixation systems, according to the type of the implants 
used, namely the use of radial and axial external fixtures. 

The former comprise mainly pairs of intersecting flexible transfixing pins fixed to 
flat distance rings, which engird the bone and have holes on their periphery, and hard 
rectilinear carriers - adjustable and one-piece rods keeping two rings at a distance 
from one another, while in the latter hard implants are used, such as transfixing pins 
and half-pins, fastened and fixed to a framework of special holders. 

There are systems where the two concepts coexist, their mutual advantages 
being thus combined, for example the radial-axial system of Superfixation. The latter is 
based mainly upon radial fixation with additional use of hard half-pins, fixed by means 
of coupling elements to straight earners mounted on said distance rings. Here, 
however, the disadvantages of the radial fixation devices have not been avoided, i.e. 
the heavy, bulky and inconvenient preconfigured construction. 

Another modular external fixation system known is the axial-radial system of 
Orthofix using mainly hard implants. It is build of cylindrical coupling elements and 
compression-distraction mechanisms directly connected by hinges, the coupling 
elements being simultaneously implant holders. Flat distance rings for radial fixation 
with flexible transfixing pins are also used. This modular system is very flexible, but the 
supporting distance between the implant senes is preset and depends upon the 
length of the dbtractor. Besides, the use of multiple hinge joints for long distances 
ensures the system's convenience and safety only when applied in local fractures. The 
modular elements used are relatively wide in diameter which renders the construction 
of the device heavier and causes discomfort to the patient. 

An extra-focal fixing device for fransosteal syndesis in traction and 
compression is also known to exist for use in orthopedics and traumatology (US 
5021054) and it includes rectilinear and curved supporting elements which may be 
coupled by modular coupling elements that can fix the implants to the framework by 
means of additional plates with straight knurled clamping surfaces. Regardless to its 
versatility, the coupling element does not grant stability of the connection but when 
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the supping elements hove a polyhedral section, without additional protection 
T ; fiP f 9e ' ,he c°P°***> being thereby reduced. The coupling 

not allow the building of simplified versatile devices. 

Another sys.em known is the Hoffmann externa, fixation system created in 

I W4 and improved in 1968 ,4,. which in essence . an a*, modular system tor 
buying o, frameworks cons , fing of $upportjng coup) . ng ^ 

elements are smooth cylindrical rectilinear and curved rods - one-piece or 
adjustable. The adjustable supporting elements are compression-distractten 

ZZZr T be m ° n0a5daL A ° n ^ eCe curved 
ot angle can be used as well. The construction of the one-piece parts of the 

3w j „ T T ° 9a!nS ' def °- ob ^ cou P r.g elements are 

two type . 1) for fixing the supporting elements to the frame and 2) universal ball joints 
*o ft the .mplants to the frame. The coupKng elements fc fodng the supped nT 

ZZTo »h 0n$jSl Hr 0 h ' n9ed POrtS h ° Vin9 h ° ,eS Wh ° Se «*» " at — >° the 

at a the h! i " T"" ^ ^ h *" on * its ends 

along the hole; perpendfeularty to the hinge's axis, the sfitted parts being Camped up 

~rT7 io "; ai the * de of ,he sB,,ed end - ,hus ^ ,he ~ s, p 

J2 nd ^ ° f ° SCUla ' in9 SUrfOCeS WWch ~ T »* Clemen, is 

bulky and can couple on»y two supporting elements. The universal ball joints are 

pnsmat,c junctions connected by a hinge and a. least one juncfion consists of two 
parts ^form.ng an opening for the supporting elements and having dpposite clamping 
arched areas ,he radius of the arc being at least equal to the radius of the supping 
elements secf.cn. The fixing of the supporting element into the apening is obtained by 
^aunaoJerotV located ^fcH.cc^ci^^^LJZ 
thraugn threaded holes made into two flat elements in which the pits coming the 
clamping opposite arched areas are fixed by a hinge, this St rew befcg fastenTwith 

at the screw joint and the supporting element are , Jed in Wo 
parallel planes, the screw joint's axis being immobile. The implants are fixed by means 
of anotherj^on of the un,ersa, ball joint similar* coming two Cam^ 
spaces wrfh opposite^ disposed arched areas. Here the fixing is obtained by using ot 
M two screw jomts whose axes are perpendicular to the plane formed by he axes 
of the lrnp , ant , This type universal ball joint Cows the building of externa, fixation 

m Z , VOn ° U ; t !° nS,rUCfonS ' re9ard,eSS ,0 HS hi9h "•*■* and versatNity. this 

damTna MS 2 C ° mP ' iC ° ,eS ^ ^ *• «*— 

damping of the supporting e.ement .eads to the creation of uneven contact forces 
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which lowers the quality of fixation. The reliability of the joints thus obtained is based 
uniquely upon the clamping force resulting from the fastening of the screw joint. 

Using these elements of the Hoffmann system, frameworks and monofixtures 
involving the exclusive use of hard implants can be built. On the other hand, the 
coupling elements secure the joining of two elements whose axes do nol lie in the 
same plane, which in turn reduces the capacities of the system. The absence of a 
direct link between the supporting elements allowing to fix steadily their disposition at 
angle to one another so that the axes of two directly connected neighboring 
elements define one and the same plane also results in lowered flexibility and 
increased voluminosity of the devices thus built. Moreover, there is no additional 
protection again*! slippage. 

SUMMARY OF THE INVENTION 

A problem of the present invention is to create a modular external fixation 
system allowing to connect two and more supporting elements of the system so that 
the axes of all supporting elements in a joint could define one and the same plane. 

Another problem which finds a solution is the reduction of the supporting 
elements in volume and weight by increasing their rigidity. 

A problem finding its solution is the improvement of the coupling in terms of 
reliability by preventing the relative shift between the coupled elements upon fixation, 
simultaneously obtaining a more regular clamping and an increase of the supporting 
elements in rigidity. 

According to the invention, the problems have been solved by the creation 
of a modular external fixation system comprising supporting elements with a circular 
section of If in diameter - one-piece and adjustable ones, and modular coupling 
elements with at least one hole into which the end of another coupling element or an 
implant Fixable to the bone is inserted, said system comprising at least one more 
coupling element which is a flat body with thickness h, and which has holes with a 
diameter D, greater than the diameter 2r of supporting elements. 

The supporting elements are one-piece and adjustable. The adjustable 
supporting elements are monoaxial compression-distraction mechanisms, their ends 
having a diameter equal to the diameter of the whole supporting elements. The 
whole paht of the supporting elements can be can be arched. The external surface 
of the supporting elements ise'rther grooved or riffled or Is made of a material with 
better friction properties. The supporting elements can be pre-strained compound 
bodies consisting of a tube whose outer surface is grooved and in which a core of an 
elastic material, softer than the material of the tube, is placed and at least one of the 
tube's ends is unrolled towards the core. The pre-straining of the supporting elements 
aimed at increasing their rigidity is obtained by stuffing said core made of a softer 
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te-ddM rod*, bv km , Ang the MOTO| ^ - 

— ^ IT** Kdem °' r ' XO ' iC "' !V " em "* c ° m <*° °< M> supporting 

sphere, . ftp* .he fe, spherta port ho** ihalp ^ „ lip! „„ „ *" 

. urtace wMe ,he p.hT^c «*» „ ^.h ond mode „ m<j , £ 

°" ° uter cvtndrical !U,,oce °' ,he spheto " -* *• — 

nu, , rt „c no ,e oppose to )he lhread b jhaped ^ a 

^e,e r «^e, l hu„^o^ smo »«m 0 „ l he atom .,„^ pfcolthes ^^ e 
0.7- 2 ^ " P ^ ' he *" ■"*—«* «-*^-d .c each 

K „ r° nd !PhertC °' Pert f *° Vi * 9 <*«°n°Tpro.ea«o„ agon., ,he 
.. 1,16 mod ""°r external nxotionwlem may aomp*. a. .earth™, sporting 

Teed b * ° '"^ ^ ^ -° CBd !Uf>P0 *« — "«• « «d 

topped by a grooved seat. 

them m0dUlar C ° UP,in9 e ' emen,S ° re COmpound bodies, each of - 

etement. th* stepped body having one step with a maximum diameter dJ and a 
anetT e,emen, ' S "*» »° which step, on one side 

etemenr ho.es at the most and greater than the dtometer 2r of the supporting 

7 ♦ COUP " 9 e,ernen, ° nd '* °' to the ' of the 

Ze^ 9 T CTOSS - SeC,i ° ft - Thk ^ ends Wi,h « -tremity with a thread M l. 
TZTZ^r ° eqUO ' ,0 di0me,er d °' ,he m ° Sf - ^endicuiarty to the 

^1!?: 6 " ° h0,e ' Wh ° Se ^ ^ ° ne Qnd -me p,ane with the 
a»s of he stepped body, the diameter of this hole being at leas, equal to the 
diameter 2r of the supporting e .ements. so that the surface perpendk=u,ar !o the 
^pped bod/s axis and forming the fore-part of the step with the greatest dimeter 
* Passes through the ho,e. A ring-shaped body made of a mo Jo. 
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of the stepped body is mounted on the step with a diameter d, the height of the ring 
being greater than the length / of the step with a diameter d. On one of the front 
surfaces at least, there are two opposite arched co-axial cuts in the form of segmenh 
on the outer surface of the ring, the radius of the arc being at least equal to the radius 
of the hole cut into the stepped body and the height of the segment being smaller 
than the radius of the arc. The stepped and the ring-shaped bodies are fixed to each 
other with a clamping nut, tightened up on the extremity with a thread M I of the 
stepped body, so that if there is a supporting element mounted in the hole of the 
stepped body, the arched cuts on the ring-shaped body press this supporting element 
to the wall of the stepped bod/s hole. Besides, the ring-shaped body's soft material 
penetrates into the riffles on the supporting element's surface, contributing 1hus 
additionally to avoid the relative shifting of the supporting element to the coupling 



It is possible to divide the step with the greatest diameter d f into two parts, 
connected by a piece with a smaller diameter. 

By the modular coupling element intended to connect supporting elements, 
on the other side of the step with a greatest diameter dl of the stepped body, there is 
a symmetric step with a diameter d and a length / having an extremity ending with a 
thread M 1, a hole being pierced therein whose diameter is equal to 2f at least and 
whose axis b parallel, perpendicular or at angle to the axis of the first hole and 
perpendicular to the stepped bod/s axis. Another ring-shaped body with arched sfits 
is mounted on the second step with a diameter d and is fixed with a clamping nut. 

By the modular element pin strainer intended to fix and strain flexible 
transfixing pins, on the other side of the stepped body's step with a greatest diameter 
dl. a step is made, with a diameter at least equal to the diameter d and a length /. 
having along its periphery a slot whose width is at least equal to the implanted pin's 
diameter, this slot being perpendicular to the stepped body's axis, its own axis being 
at a distance a from the forepart of the step with a greatest diameter dl. This step in 
turn has an extremity ending with a thread M L A pin guide, which is a body with 
central axial symmetry and a hole whose diameter is at least equal to the diameter of 
the peripherally slotted step and whose length is at least equal to the length of the 
peripherally slotted step, is mounted on if. The hole with a smaller diameter has a 
diameter equal or greater than the outer diameter of the stepped bod/s thread M 7. 
The periphery of a fixation pin guide is cut by a slit forming a plane perpendicular to 
the central axis. The slit's width is equal or greater than the width of the stepped bod/s 
peripheral slot and the plane passing through its middle is at a distance from the 
forepart of the end with the wider hole, which distance is at the most equal to the 
distance a from the stepped body. Two holes with a diameter at least equal to the 
implanted pin's diameter and with axes lying on the plane which passes through the 
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the INcknes ol the Implonf hcde^ The.. or. Iwo M co^ vl ° 
whose diomel^o, tecs , ^.o.heo^^^HTZlr ^ 
each cota beoHno orched ** by .he of Z «L\ ^, " ' ■ »"e fron, of 

intended for o supporting element to pass through. 

hut*. A< : COfdin9 '° ,hS inVen,ion - ,he mod "'°' external fixation system attows the 
of o vonefy of externa, fixation devices and grants the appticobi^ He 

tne ocomofory system by usrng coupfing elements and elements securina bath th- 

s tar as repos.»ion,ng of the dev.ce is concerned. The system allows to construct 
Hghter and more refiable modular external fixation devices using ol , 

^CSS — «* -eo,., fh. ^ 

mo» o^rr' °' ** m0dUl °' C ° UP " n9 eleme "' ! ^'em ' 
ne ponenl. Mabng the coupling elements of molenbb ol various rinWik, i , . 

DESCRIPTION OF THE DRAWINGS 

^ ^•'^^ = '°n 8 .t^o,sec^o.o !U ppc fl i„ 9etemenr!OT ^ 
^r^^^^-'^-^'^^^-p^ 
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Figure 4 represents a plan view and a side section of a flat coupling element; 
Figure 5 shows a supporting element with a grooved spherical head; 
Figure 6 represents a magnified partial view of a grooved spherical head. 
Figure 7 shows a supporting element with a spherical seat- 
Figure 8 represents a section of a supporting element with a two-piece 

smooth spherical head; . 

Figure 9 represents a section of a supporting element with a grooved 

spherical seat; 

Figure 10 represents a section of a ball joint between two supporting 
elements; 

Figure 1 1 represents a section of a threaded coupling between two 
supporting elements; . > 

Figure 12 represents a disassembled modular coupling element for supporting 
elements; 

Figure 1 3 represents a section of a variation of a ring-shaped body with 
stepped central hole; 

Figure 14 represents a section of a modular coupling element for supporting 
, elements with parallel holes; 

Figure 15 represents a section of a modular coupling element for supporting 
elements with perpendicular holes; 

Figure 1 6 shows an embodiment of a modular coupling element for 
supporting elements with a two-part step with a greatest diameter dl; 

Figure 17 represent a half-section/half-view of an embodiment of a modular 
coupling element - pin strainer; 

Figure 18 shows a pin strainer's stepped body; Figure 19 represents a 
longitudinal section of affixation pin guide; 

Figure 20 represents a cross-section through the fixation pin guide's slit and 

holes; 

Figure 21 represents a longitudinal section of a modular of a modular 
coupling element - pin holder 

Figure 22 represents half-section/half-view of an embodiment of a modular 
coupling element-screw holder; 

Figure 23 represents a plan view of a flat coupling element with coupling and 
supporting elements mounted; 

Figure 24 represents a side view of a flat coupling element with modular 
coupling elements mounted: 

Figure 25 shows parallel coupling of supporting elements using a modular 
coupling element; 
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sirainer with a transfixing pin mounted; 

mount JTh ^ rePreSen,S ° m0dU, ° r C ° UP,in9 elemen ' Pin ho,der "*» pin, 
mounted and axonometry of a supporting element; 

area o, f ° m0de ' **** QPPhd h ° ^re in the 

area of the ankle-joint and the foot; 

Figure 29 shows the device from Figure 28 used as a dynamic ligomentotaxis. 
PREFERRED EMBODIMENTS 

Ass ~ ninR S^2Zthemodu^ 
•nve^ comprises the following bas* component elemenlslsopp^^emen^ 
wrth one-p,ece parts 2 and adjustable supporting elements 3. a fla^inc Zenf 

element - a pn stramer 6. a modular coupling element for bard impiants 7 a L. ioM 
8. and a threaded coupling 9 for supporting elements 1 * 

distraction^ K' ab ' e SUP ^ in ?^menfs 3 in Figure 3 are monooxial compression- 
d^racfon mechanisms which can be imp.emenfed as a dynamic construe,! 

curved at angle, in particular L-shaped 10 or arch&d 1 1 Th-w ^ • . . , 

of 2=t£ ?, • eX ° mP,e = to "*"^ ««' end 01 lea,f one end ,5 

ofsodl u bel2»onrolledloword!sQidcoi«l4. S 

Raure, 5-10 show Ihe boll Joint 8 and lb differenl pods. The one-piece nan ■> n, 
« fh '^''^-^ce ha, amove, l^anoed^ 

Zo « !T emb ° d ' mer " sn °"" « "» diamond c*** ,om*o 

taptp. can be docl: Mo .he ,haic ^ rolott ,„ ^ 7 . lh# ^plJZJ 

^ o^a ;" 9 r"™"' ' "-ho^fciST 

ZZZ T' •* !phe,,co1 seo ' ,n ~ -*«*««* «— «. 

in me figures, the sphenc seat is a grip. 

* He™. „. sphencol head a made o, two pan,: a bo,. 20 mode of o hani moledol 

wn«* profmde, oul of the plan. ,epa,olin g , U noce 23 o„oid bo« 20 and « 
-o„ened Info a b„nd hole 2, o, ,h. uppef hemi,phe r e 25 mode o, a to 
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example plastic. A slot 27, concentric to the spherical head's axis 26, is cut into said 
fiat separating surface 23 of said base 20 and a ledge 28 of the hemisphere 25 having 
the shape and dimensions of the slot 27 is inserted into said slot. The spherical seat 29, 
made of a hard material, for example steel, has grooves 1 7 with sharp edges 1 8 and 
a thread M is cut into its outer cylindrical surface. A releasing slit 30 is cut into the 
spherical seat bottom. A pin 31 may be additionally inserted to prevent an 
undesirable rotation round the axis 26. In another embodiment, unshown on the 
drawings, the separating surface 23 of the base 20 is part of another sphere whose 
radius is greaier than Rsph. the corresponding surface of the upper hemisphere 25 
being a negative image of said separating surface 23 of said base 20. Reduction of 
the devices in weight and cost is achieved in the embodiments shown in Figures 8 
and 9. Moreover, the spherical head's making of a soft material results in a manifold 
increase of the spherical seat in durability, said spherical seat being made here of a 
harder material, i.e. a possibility of a multiple use of the metal part is thus created. The 
fixing of the ball joint 8 is shown in Figure 10, a grooved spherical head and a smooth 
spherical seat being given as an example thereof. Similarly, there is a fixing involving a 
smooth compound spherical head and a grooved spherical seat. The spherical head 
1 6 is mounted into the spherical seat 1 9 and is tightened to the supporting element 1 
by a cover nut 33 passing through the one-piece part 2 of said supporting element 1 . 
The cover nut 33 has an inner thread M on one of its ends while the other end is 
shaped as a spherical seat 34 with a radius Rsph and having a centered hole 35, 
whose radius is greater than the radius r of the section of the one-piece parts 2 of the 
supporting elements 1 and smaller than the radius Rsph of the spheric head 1 6. The 
length of the thread M is at the most equal to 1 12 of the height of said cover nut 33. 

In the threaded coupling 9, one end 2 of a supporting element 1 is topped by 
a thread M2 t while one end 2 of another supporting element 1 is topped with a 
threaded seat 36. In another embodiment, the outer diameter of the thread M2 may 
be equal to the diameter 2f of the one-piece parts 2 and the supporting elements 1 . 

The flat coupling element 4 has a thickness h and holes with a diameter D, 
greoier than the diameter If of supporting elements 1, located on concentric 
circumferences with diameters Dl. which concentre with said flat coupling element 4. 
A preferred embodiment is shown in Figure 4 where the flat coupling element 4 is a 
flat ring having holes 37 with a diameter D, located on a circumference whose 
diameter DT is the mean diameter of the ring's hole inner diameter and its outer 
diameter. 

Each modular coupling element 5 for supporting elements shown in Figures 
12-16 is a cylindrical junction and includes a stepped cylindrical body 38 which has at 
least one step 39 with a greatest diameter dl and a length greater than 2f, said step 
having bilateral symmetric steps 40 with a diameter d and a length /. The diameter d 
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L $ f™ ^ f ° free S,, ' PPin9 UP ° n m ° Un,in9 ,he s,e P 40 hole 37 of the 

fat couptao element 4. The length / of said step 40 is smatler thon.he thickness Tof 
he f.o, coup,,n g e.emen, 4 and is at .east eaua. to the radiusrof the cn-JfcLtf 

e,emenU 1 • E ° Ch S ' ep 40 — b V a thread A* whose outer dialer 
the mo* e qua , to the diameter d. Perpendicu,ar,y ,o the a* of the stepped Zy 
38. holes 41 are pierced having a diameter selected to allow free movement of the 
one-p,ece pan's 2 with a diameter 2r of the supporting e.emen,s ,. The " 

39 vv,th a greatest diameter pass through one of the diameters of each hole 4. The 

angle to each other. The diameter of the step 40 b greater than the dLe.er oMhe 
ho,e4 1$ o that suppling wa.,s 43 are fonmed on fhestep 40. The 

To ^ m T° l SXamP,e Chr0me -" ickel «• ^ure , 6 shows aviation 
ImTw ^ r "J" 1 " 9 e ' ement 5 fof SUPPOrtin9 elemen * ^ere the step 39 wZ 
slXtf T ! din,0 ^ 0 ^ faed,0 ^ b Vac y ,ind ri ca,pece44w 1 -tha 
sma.ler diameter wh,ch for example may be equal to ,he diameter 2rof the one- 

oTth!^ °| SUpp0rtih 9 elemen * »• »*»hapbd bodies 45 are mounted on 
length / of the step 40 w,»h a diameter d and their outer dbmeter being equal to the 
d of the step 40. At .east one of the front surfaces of each ring-shaped body bears 

^ : l,e H Qreh ^ CO * OXia, sms 46 '* n ,he ,orm of se9ments of »* ^ -ynndric 

surface, the d,ameter of the arc being a. .east equa, to the radius r of theLss- 

n^hZ' 0ne " P ' eCe ^ 2 ° f ' he SUPPOrtin9 e,emen,s 1 and *» segment's 
^^™>«er than the ^s radius. The nng^haped body is n^dTof a soft 
wTelt f0reX ° i mp,edura,um -^ 13 shows a variation of a nng-shaped body 
sm 7 I" T " ^ h0 ' e W,,h ° Sm ° ,,er diam *^ "as a d«meler 

^bya^ 

Doay 38 by a nut 49. tightened on the end wi.h a thread M. 

The modular coupling element - pin strainer 6 shown in Figure, 7 is a 

g c u°«eTo d r^r cc ; mprisin9 ° riepped body * ° rin9 - shoped 45 ' ° — * 

^lam D l^ 0mP 7 49 ' The rfePPed ^ 50 ™ d * °< ° hard material. 

T Chr0me *"' C S,eel ' hOS ° ne s,e " 39 wi,h ° WW diameter afco dl. 
■2 a^oT * ° diame,erd7ksho ^^°-PPortinge.ement 

otter the step wrth a d,ame.er d7 has a step 52 with a diameter at .east equa. to the 
d,ame,erdinto whose periphery a sfct 53 is cut.its wd.h being at leas, the 
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radius. The clamping collars are fixed with a clamping nut 49, lightened on the thread 
M h Here again a variation is possible where the step 39 is divided into two parts. 
Figure 22 shows a variation of a modular coupling element 7 for hard implants with a 
projonged step 39, where the end intended for 

the fixing of the clamping collars 59 of said prolonged step 39 and one of the 
clamping nuf s 49 ends are shaped as supporting steps 62 with an outer diameter 
equal to the outer diameter of the clamping collars 59. 

The embodiments thus suggested according to the invention are not fimitated 
as to the scope of the inventive concept. For instance, the system's component 
elements may be made of material other than metals, e.g.material permeable to 
X-rays and other kinds of rays.Aiso the component elements of the modular coupling 
elements may be shaped as a polyhedral prism whose circumscribed cylinder has a 
cross-section diameter d J . 

USING OF THE INVENTION 

Figures 23 and 24 show couplings of the system's elements where the axes of 
two or more elements 1 lay in one or more parallel planes. Modular coupling 
elements 5 for supporting elements are mounted to the flat coupling element 4 by 
inserting the steps 40 of the modular coupling elements 55 into the holes 37 of the flat 
coupling element 4 and fixing them with a nut 49. The one-piece parts 2 of supporting 
elements 1 are fixed into holes 41 on the other end of the elements 5 by means of 
nuts 49. In this fixing, the riffles 13 of the supporting element 1 penetrate into the 
material of the ring-shaped bodies 45 and thus provide additional protection of the 
system against slippage. The position of the supporting elements 1 isadjusted by 
loosening nuts 49, orientation in the desired direction, and subsequent tightening of 
nuts 49. 

The spatial position of the axes of the supporting elements 2 and 3 in Figure 10 
is adjusted by tightening the cover nut 33 after orientation in the desired direction. The 
grooves or tips on the spherical part made of a hard material penetrate into the soft 
material of the other spherical part, the contact surface being thus increased and 
hence additional protection against slippage being secured. 

The supporting elements shown in Figure 25 are fixed by tightening of nuts 49 
and clamping the ring-chapped bodies 45 to the supporting elements 1 . Thereby, the 
riffles 13 of the supporting elements 1 penetrate into the material of the ring shaped 
bodies 45 to prevent slippage. 

Figure 26 shows a modular coupling element - pin strainer 6 on which a 
modular pin 63 is mounted, the end 64 of the transfixing pin 63 being passed through 
the inner end of the first hole 57 so that it passes through the slit 55 of the fixation pin 
guide 51 and enters the second hole 57 through its outer end. The straining of the 
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1. A modular external fixation system comprising supporting elements with 
circular cross-sections with diameters 2f - one-piece and adjustable, wherein the one- 
piece supporting elements may be rectilinear and curved, furthermore comprising 
modular coupling elements having at least one hole into which a supporting 
element's end is inserted and at least one second hole into which an end of another 
supporting element or implant fixable to the bone is inserted, said modular coupling 
elements' holes into which said supporting elements' ends are inserted containing 
clamping arched areas, the arc's radius being at least equal to the radius r of the 
supporting elements 1 cross-section, while the holes into which the implants are inserted 
have two clamping surfaces comprising opposite arched areas the arc's radius 
corresponding to the implant's cross-section radius, said modular coupling elements 
comprising a screw joint for loosening and tightening of the supporting elements and 
the implants between the clamping surfaces of the modular coupling elements, said 
system being characterized by its comprising of at least two supporting elements 
whose ends are suitable for direct connection by a ball joint comprising two spherical 
parts - a spherical head and a spherical seat both with a radius Rsph, one of the parts 
being made of a harder material and bearing sharp edges or tips on its spherical 
surface and the other one having a smooth spherical surface and bearing a cover 
nut with an inner thread on one end which is tightened on a thread M cut into the 
outer cylindrical surface of the spherical seat, while the other end of the nut is shaped 
as a diameter greater than the diameter 2r of the supporting elements' cross-section 
and smaller than the diameter 2Rsph of the spheric head and/or the end of at least 
two supporting elements form a thread joint, where the first supporting element has a 
threaded stem and the second supporting elements has a threaded seat and/or the 
continuous parts of the supporting elements have an outer diameter 2r, their outer 
surface being riffled, where at said supporting elements being possibly strained 
compound cylindrical bodies, and said system comprise at least one modular 
coupling element for supporting elements, at least one modular coupling element- 
pin strainer and at least one modular coupling element for hard implants, as each 
modular coupling element is symmetric to a longitudinal axis where as the holes 
whereinto ends of supporting elements or implants are inserted are at least one and 
are perpendicular to the axis, and each modular coupling element comprising a 
stepped body whose axis coincides with said axis, at least one step having a diameter 
d and a length /. as the diameter d is greater than the diameter 2r of the supporting 
elements, into which step a part of at least one hole lies, said hole being pierced into 
the stepped body and having a diameter at least equal to the diameter 2r of the 
supporting element, while at least one clamping surface of the modular coupling 
element's holes, whereinto ends of supporting elements are inserted, is made of a 
material softer that the material of the other clamping surface, and furthermore the 
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6. A modular external fixation system according to Claims Ho 5 
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at least equal to the diameter d of the steps, whereby ring-shaped bodies are 
mounted on the stepped body, said ring-shaped bodies being made of a material 
softer lhan that of the stepped body and, the height of the ring being greater than 
the length /. at that at least one front surface of each ring-shaped body has to 
opposite co-axial arched slits in the form of segments of the ring's cylindrical surface, 
the arc's radius being at least equal to the radius T of the notes and the height of the 
segment being smaller than the radius X of the segment's arc, said ring-shaped bodies 
being fixed to said stepped body by nuts tightened on the thread Ml on the stepped 
bod/sends. 

7. A modular external fixation system, according to Claims 1 to 6. 
characterized by fact that a modular coupling element - pin strainer has a central 
stepped body comprising a step which has a greater diameter dJ and is located in 
the middle and/or by having a central stepped body comprising two steps with a 
greater diameter dl fixed together by a cylindrical piece whose diameter is smaller 
than the diameter d J, as a step with a diameter d and a length / being made on one 
side of the step with a diameter d J. whereat a hole being pierced perpendicularly to 
the stepped body's axis, on the steps with diameters d and dl.its diameter being at 
least equal to 2r and smaller than the diameter d. and after the step with a diameter 
d an end with a thread M 1 is made whose diameter is at the most equal to the 
diameter d, at that a ring-shaped body being mounted on said step with a diameter 
d. said ring-shaped body being made of a material softer than the stepped body's 
material, and the ring's height being greater than the length /, as at least one of the 
ring-shaped body's front surfaces having two opposite co-axial arched slits in the form 
of segments of the ring's cylindrical surface, the arc's radius being at least equal to the 
holes' radius rand the segment's height being smaller than the radius f, said ring- 
shaped body being fixed to the stepped body by a nut tightened on the thread MI, 
while the other end after the step with a diameter d I has a step whose diameter is at 
least equal to the diameter d and whose periphery has a slot with a width at least 
equal to the transfixing pin's diameter, said slot being located perpendicularly to the 
stepped body's axis at a distance a from the front of the step with a greater diameter 
d J, said step ending with a thread M 1 and bearing a fixation pin guide mounted on 
H, said fixation pin guide being a body which is symmetrical to a central axis and has 
a centered stepped hole whose greater diameter is at least equal to the diameter of 
the peripherally slotted step and the depth of this greater hole is at least equal to the 
length, of the peripherally slotted step, as the periphery of the Fixation pin guide 
having a slit which forms a plane perpendicular to the central axis and having a width 
at least equal to the width of the stepped body's peripheral slot, said slit being at a 
distance a from the front of the fixation pin guide, as two holes being pierced into the 
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